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Abstract 



PROBLEM TO BE SOLVED: To solve the problem of the impossibility of improving the corrosion resistance 
and the smoothness of a gap layer, and promoting the demagnetization of the gap layer caused by a 
reduction in the content of an element P in the vicinity of a boundary in a conventional thin film magnetic head, 
which uses NiP for the gap layer, and plates it by an electroplating method using DC current. 
SOLUTION: On a lower magnetic pole layer 21 , a seed layer 31 made of, e.g. Cu is plated, and a gap layer 22 
made of, e.g. NiP is plated thereon. Thus, for the gap layer 22, lattice matching with the gap layer 22 becomes 
difficult, the content of an element P in the vicinity of the boundary of the gap layer 22, which is a conventional 
problem, is increased, and the corrosion resistance and the smoothness of the gap layer 22 are improved, 
and demagnetization of the gap layer 22 is properly promoted. 
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t H *> £5 T'i i: I ^. METgSKS/i 2 1 {i N i 
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W^T'li, fIiej^-K;S3 lSl/dr>.'yTJS2 2ti, 

=5rfcmrlB>'-Kil3 icoJSlHimtf 3 
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±si53ri2 6 bm^mzmmi^mmms 5a«> 

37ji2 6i:[5]t«©TJB^?flTV^TtJ:i^L, ^55: 

1. ff«T'?^^§fLT»'^Ti,iV>. Biiliha!a®i3 5<i 
NiFe^^, CoFe^^. CoFeNi-^^, Co 

^d:b'(^mmmi:m^xwM^ixi> tfzmikumm 
mssii. mmx'hi^mmx'm^^iixi^xhb'ih^ 
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®l3 5S:jSicLT^ -y^ffM-T^-I i:*>*nrtglc:^tl.. 
[0048] ^:t5*ifi6B3T'{iBtrieE8Sa2 4 (i, i^- K 

ii3 1 . ^^"/rmi 2Rx/±^mm3 5i):^i^^xm 

mmxm^^fix\.^x{iii\\ 

[0049] t.fziiiLfzii 0 1 , mm32 a ^fiifg-r 

I.TgreiS«2 li>J:y±g|51KSl3 5{i. .eii-eix^T) 
±$-li-.|.f.'a6(c(i. ^A- 7 7*^2 2(c.*t|6]tSTgJJSffi 

ii2 ifej:i>'±^K®e3 5{i. ^ii^iK^mwiifim, 
m^^^is.^^Lx\-^izbtmtL\'>, coionrsp 

JStEl 2 1 J: y'±a5fi5ffi^ 3 5 A^aV ^iaSl^2gJK$: 

[ 0 0 5 0 ] t ;'':.-C-*l&B3{i. m2<n^^it±mxyr^ 
•fi-oiz. TUWm 2lb^^-/rS2 2b cofSizii 

nm^co=y-m3im^^tixu^. ztiizx-^x 

frieTSPEB©! 2 1 1 ^> 7 2 2 i: ^fSIf , 

[005 1 ] iafoT-Buie^> •/7'ii2 2(i. TSraESil 
2 1 b cr>mxi^^m^Uz < < O . «3fc<7) J: o IZWU 
^> 'yrl 2 2 S-tafiSi-r-STC^N i *<T^K«5»i2 1 fi 
CMX'X f:? df i- A- LXi^^Bit-t^ ■lb$:m^ 

(.zmitizbi^x'^i. 

[0052] tKch ib :^^mXM , iit^^m t -> t K 

tzwiB^^ •■/yiM2 2er>T^>m^m2im<7)^m (t 
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[0053] t¥oT*^BHt:-»S. ma^'^ ■•/7-Ji2 2(0 

•f. Mie^-v -y rm 2 2 j; 3 ^mii (His*: 
[0054] ^ ^cf!iie=ir> •/ rm 2 2 ofriei^ffif'tiatc 

[ 0 0 5 5 ] y r^G 1 (i, fjia^> y rm2 2b 

[00 56] J: -o t HtOJt-- 
[0057] ^[(cmie^- HI 3 1 f.z&Wj:^mz-o^.\ 

TittBfl-ts. fiiei^-Hi3 1«. T^mM>m2 1 

ie->-K13 Ui. Ta5iS®S2 1 ±txf i^v /l- 
2 1 i:{H3r|S|ttSi^^i!t^W-f *N i ^^^LtzmU^ 

^ y rs 2 2 ^ . frf e V- kb 3 1 ±t-x h- >- 
^i>$'<'kA,tzT^)V-7rximX'm^-fh:ibi}n'^ 

I.. 

[ 0 0 5 8 ] ±le Lfzi^- m 3 1 cOt§^.€iitS:T^ 

hztmtLu, zzx'^^ommMt\m\,zco^ 

[0059] Co. Fe, N i <;)l^tt7E#$-t'tfv— K 

<r>T^m.m2icr)}&=tm%t\i\mtx'hii)-^^. m 
tii^~ FS3 1 (ommMi^miT^wm 2 1 ±t-x 

t:^'=^>'-\';i'«ftL-^-r<=5rO. i-^Tmiev— K«3 
l±tcm$^ll.^A--y7-S2 20Ni t, •/-HS3 
1 ±T'X b' ? ^HS^ L < =5r I. tOT , 1Sm<^U 

- KB 3 1 (7)WMIC-PV ^t: {i^a-r& C i: ii-T'S . 
[0060] *(cSf(tP>- 3 1 y ^ffMRlfig-C' 

S> I. C t ;!)>'JF^ L u , mrlS>— K/i 3 1 y ^^gg^ 

i^iH4^iSfff4Tjefi£§^i§ c t x\ Tmjm 2 1 . 



i^- Ki 3 1, ^+ 7 rm 2 2at/±a5«ffi« 3 5 s-jg 

[006 1 ] tfzwlM'y- Kii3 1 »S , Tgl5^«s12 1 
fit/Jf T -y 2 2 cO^^*JStf T'3b IZtmt 

Lo. 

[0062] ^/^Mfii'- H13 1 Ji. JSe^efflT-ffM? 
[00631 iJctcMfii^- H®3 1 <^li/?H 1 ICOV^T 

WT(ifjiBfl-r&. w^t-{iiiriei^-F;i3 loKHH 

Hi. 3 n mW±T 5 0 n mlUTr* i>Zb I 
l\ friei'-K13lc7)J^Hl*<3nmJ:0t/h$< 

^r^fc. i(ieTMffi«2 l±^^^{CHliiS^-Hl3 
1 T-S 0 ; A«T # ^ V ^^g|ttAi J> , ^ . fl?fie 
^> y 7-Ji 2 2 *iBiiidTI35fiBE«S^ 2 1 ±cO-gPl;iSgJ^ 

Niti<x.\fi?^i^^i\.&^ixim^7mcD't^iti^vi 

*SJgtc ^ T<ST L . msi^^ <y 2 2 

[0064] mUTUmm2 N i F e-^^, C 

0 F e-^^. C o F e N i C o^^ECOWtmn' 

miSL^tihifi. zfihrn^mm-m^^titzTrnm 

2 1 <7)^te|igfaSg{± . Wla 1 0 n m~ 5 0 n mOiEll 

[0065] ^ 7t:|iiieTginSffi/l 2 1 <7)}MX'<r)^-iM 
Ti^fflSRafi. «tia2nm-5nm<;)^fflF*IT'ftS. 

[0066] ±IB^¥i^JSaf4@^4'.««^t^ffl? 
-r^Tgf!ia[@li2 l<?)±ffi2 1 a^. ^^lCi^-h-ii3 

1 TWO Mei^- KJi3 1 cOMifH 1 ^ 3 n mUJl 
±fc-tl.^i:A^'ifiL<. ^ii(cJ;Dmie^'-vyrJi2 

2cr>-mi}mi-Tmmm2ii.{z-mm^^rLh<n^ 
mmzm±-thztifix'^h. 

[00671 itzmi'y- VMS 1 OSSWH 1 *\ 5 0 

•t|.Buiei^- Kit 3 icOHyJgffi 3 1 a.cr)mHi±% <ti: 
fnei^-HJi3 1{i:Mi.(fCuT'J^«SnS*«, C 

u{iiS:fttt*>$J3t'ft<=fe<, «foTMSi/-HI|3 1 
iOMif H 1 <ti:iZtxmi'y- YM 3 1 cog?^^ 

x'(r)m±i}^^mt^j:h , ttzmtii^-m3i(r>mw 

1 *>m-C' 5 0 n mm^^tdnii. ±12 U/::liSB^Bf4g.a 
ti^ 4"i:^ll¥i^ffl § ^ 1 1. BuieTSTOSB 2 1 Olffi 2 

^M:ihwie>^- HI 3 1 ioMHH 1 s:® < -th'm^ 

H 1 <r>±mm: 5 0 n m^t^Cl i: i: t/c. 

[0068] ±tz-^mix\±m^i^- m 3 1 ommn 

1 5 n m ia±-C 3 0 n m OT i 1-1. CI t *5 J: 0 if * L 

< . friePSH 1 ^ 1 0 n mJil±-r'2 O nmrnz-fh 
Zi:t-^i-->l,zntL\>\ ZtlizX-yX. X^J^mzMi 
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i^- K)i 3 1 TM^Tmmni 2 1 ±im oZt *<T'^ 

izmmth. wsMi^-t^ms Hi. cu, pt, Pd, 

Rh. Ru, Ir. Os-/i-^hMlitircimtrzii2ma 

[0070] *^c^^i'b^fattifeS«i^*»4.=5rl.i^- H 
ilB 1 OfSi'SjaJl. TS®gl2 l<7)tg^^, tiX 

if^x yrm22 mtatiTmN i <^^^^t i± 
^<m^j:&he7)Th*). frfex-K/i3 i**BineTgi5iai 

lEJi 2 1 ±T'x f^'dE-d^A'/nS:S-fl. t i:mmzf)i± 

[ 0 0 7 1 ) »:(c. ^x •yrm2 2mmz-^\,\xim 
■fh . ^mnx'ii . H5ie^+ 7 2 2 n i - p . n 

i-Mo. Ni-W, Ni-P-Mo, HiX/Ni-P 

-vvcr,\,\rtLt^-mx'ms^^tiizkAmt. 

[0072] ^fL<iim^jSttff5:ffiffl-ri,C fcTB? 

te^A- -y r«2 2 y^jgfSt-s CI t i/mmiz^i . 

ttzzh i^mmft^mm^comsm ^ mmmm- h z 
t x\ frie^-v ■/ 7-^ 2 2 5: im^-it-r hzt t^x- ^ , 

[ 0 0 7 3 ] fditS,^-^ -/7-Ji2 2 

®2 2ti, N i PX-m^^KXh^. friei^-K^3 1 

T' 1 SKfi^OTT'*)!. ; b tmt L\K $ t>iznt U 
<{i;4 0nm^-C«JlJ?rtf:»7U«P^^^-«*\ 8©4 

mxm^^titz^x •yrm2 2\iT=tiVyrxW&K^j: 

■oX^^h, 

[0074] *^B3T-ii. ftmpo^-t^mmmimx' 

=¥> 7 rm 2 2 «Oi5f:ftttSZ/¥!ttt2:(Sl±$ -li-l. C i: i}< 
"Tfigt'^j I. o fi! o T^^B^-CJi . 7 yiDXc?>gtr*I 

T t . mi^x 7 ri 2 2 (Ifl-^Siff, MS^'-r 7 T 
® 2 2 (C{^*c7) J; 3 ira^ (015 ^^m<7)Z t ) 

(0075] ttzmu^x yrm 2 2<r>mii^m<mx' 

mM.(r)KmPi<-tttilZbX\ Z(?)^-^T<^^mmt 
^i&MX'^ •& . ^> 7 7';SG 1 7 7'Jl 2 2<?) 

i^/?i^mttov-Hi3 1 <;)iJ?H 1 tiom^mmx- 

^.5e$ ill. A\ HTfiS^'A- ••/ 7'm 2 2 <?)-5?Ef+ig*<®43)lC 
?Mi±iL^iLi,ZkX\ fJia=¥> 77-^10 1 S-Sr^ffltw 



1 0 0 7 6 ] J: -iX^mvii, mf&m:^'^ 7 H^.t- 

SfiOM$tt$rlrT§iiKlKm'V7 0^<i? 
[ 0 0 7 7 ] ^rfc, ±idL/>:7c3!SP«O#WS«0S!l^<4, 

^7iMP<^-^^MimnmtLxm^$tih(^x\ zti 
^mmizwEtifcif), mtixi&^m^izxim^ 
ik. m^^rin-^fz. ^j:iimm^!j^umm:iim^x 

WiEUc, ZtilzJ: '')m^^tit:7tmPeo^^i/}^±Mi 
tfzMX'h^, 

[00 78] tt:wSii^mi}'i^(OmilfZ-o\,'^Xli. 

(TEM) ^m^xm^uz. 

[0079] i.tz:^mXii. frie^ffiA^^j 1 0 nm* 

f}\ 1 osfi%iy±t"i sm^mTThiztmt 

U\ ttzmiiTt^Pco^^iitli'SMXIiitTl 5 
W&%&.TX'$> S ^ t *^ J: 0 »S \ 
[0080] ±iE<?)efflrtT'*fL{f . BOiaN i PJirj^ 
77';i2 2cor^;t/7rX-ft2r J: Offiitt- 

fSJt^-li-5^i:*«T'^S. X'>Xmi^^' yrm2 2<D 

mmiz^mm(OT^n'^ii^m.-thztii^j:<^ tm 
mmz^ixtzmmm^^-y n^^is-r t A'-t'# s , 

[0081] i/iW^T'(±, Mie^> 77-^2 2 «0K 
i»^«5W*^L?t7c5!SP<0-i-W*(i:. ll«fi%W±T- 

1 5 HS%WTT-$)^ ^ t L\\ ZnX 0 iZ^W 

'yrM22<omm^t^x±MiLfz7cmp^-^^i'^zt 

iZX^K mi^-^ •yr^2 2cr>mm±{¥mil^i^± 

•CB?i5¥^ 7r;i2 2^*^jjfc?f?g^ilci: ^fSA*>^> 
h tmz. Buie^A- 7rigf#tciDi<^Tji 

[ 0 0 8 2 ] <^(c , 12 2 izTjk-tmmMmcou^izr)^ ^ 
xmmti. 113C0J: o{c, mfieis®gP2 4{i, 

^24tTU^TM2 omi,zitmnitm&mmvj:t' 

Xm^^htcGd^ibm27i)^m^^iiX^^i,. ^JsM 

EJKiL 2T'ffM$il. ClcOggglL 2{i='f> yTT^rx 

(Gd) T-|).&„ 

[ 0 0 8 3 ] ^fcIlS tCiS-r J: 0 (C. f)EfiSSg»2 4 cr) 

0 ±IC{4J6^T%1 2 8 3 ;H 2 9*<4SS^tt 

tc^SffMSiiTOI.. mieffiMiTi6«2 8a. 
If. AlO. AI2O3. SiOs, TazOs, TiO. 
AIN, AISiN, TiN, SiN, SijN,, Ni 

0, WO. WO3, BN, C rN. S i ONcOo^b^^=5r 
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[0084] ^^>(CfJie=J^;H2 9i^#zS(*g|5cOh*y 
^mii. ^^l3 0(^<l;-7•CiIi^^^>^^■C^^I.. HulEifeHi 
iSSOfi. A I O. A 1 2O3, S i O2. Ta,05. T 
iO, AIN, AISiN, TiN. SiN, Si 

N iO, WO, WO3, BN. CrN, S iON 
a ^ii'^^: < t i 1 a*»4.iMiR$ ni. C t A^'ff ^ L V ^ 

[00 85] B5iejess®3oii. aiics^-ri^tc m 

[ 0 0 8 6 ] 03 iziptx 0 tc, mmmn 3 o±ic 
I. 

[0087] BSlC^-tidtC, BuieiS2«03-fyH3 

JfeM^iiS 2(cJ:-:.T?li5ii, Byie^l3 2±Wi. N 
i F e ^mX'Bmtlf^±M^ TMIS mtiiy W 

[00881 ttzmsiz^stxoiz^ mi±^^rm2 
6<7)5fejgg(i2 6 aji, mih^mmiMs 5±i,zm^mz 
mm^iixM&^ix. mi±uzi rmzt co^gf 2 6 
Tai3rJi2o±tcN iv^-^^^ffimammx' 
mmixfz^Bm3 s±.i,zm%mz>^mixxmiSLt 
fix^^h. ti:mii^±im3e\m^^ixx^^^j:<x 

<>^<. CtfO^^, 15ieJ:a53r®2 6tfDfiSa52 6b 
fi, T5P3TJl2O±tcKtgJ0ig^iil>C:i(C^rS. 1? 
ie±i537S2 6±J±A 1 jOjf t7){Saii34(Cj:-o-C 

[0089] 1 tc^l- J: 5 |!fia±a5JK8i« 3 

f±. Hfiie±a5iafiss3 5<r>\-7 '/ cwft^cnm^'i.x o 
gP3rs2 6*»^>om^$r, $^^j;<Birie±gPiasi3 

[ 0 0 9 0 ] 04 ji. ^m^mffmimmmmsi 
•y ¥(r)mm&m(^mmti^^f^bcon\^mt^£'>x\i^ 

C 0 0 9 1 ) i^Wm%X\i. TS?3r®4 oco± 

im^(r>'y-Ym3itm^%iix\^i>. -?-l-cn 

i SrifiK^i: L/::^mc7)-i-> yTii4 1 i^- H 
m31iL\ZT6^^tlX\^h. 
[0092] z.<r>}f. 3 tc*^Hgt'(±, mllf^^rmA 

^'c^wrmAlt mz Iy-Ym3 1 Z k 

X\ B?ie^>'yT®4 TU^TMAOizm^. ti 

[00931 i«c-^rs7ie^-v -yrisA i is, TMnrji 

4 0 i <7)m'm=f-^Uz < < 0 . J: d tcMlfi 



•yrii4 1 Srfilfi£t-|)7C«N i *<TgSnT®4 OM 

lzmi-t^Ztf}^X^h. 

[0094] t^j:hh:^^mX'ii. t^*pgiih>Sr-:>T<,> 
^cMe=^r^ •yr/B4 1 <0|fiip#igT'<0|^5a!tt7c3!?«!0#W 
ft«rfif*J: 0 i>^< T'§= . msi^mnmX'CD^W yTM 
Al^:7^>l^yTXifri>Zi:f)<X'^h. ts!->T*%Bfl 
T-(i , Me^ V -y 4 1 Oit:fe14Sy"^}Ht *: $ 

^izt mmx'h 0 , X 7 rJ^irai^a^^iis^r ift- 
ie^>-y 7-B4 mife^> y7'ii4 it 

(/e*<0 J: 3 sfirmSi! (015 i: ) *«AS Cl i: (i 

[0095] tTtfria^^ 77/141 ^OBlIfSI?ffiftigT' 

mR<r>4mit5imii'^tti^zt x\ zcDSii^x'cTiim 
\titmmx'^?>. 

[ 0 0 9 6 ] =Si^-\' y r*G I (4, st|ia^> -y rMA 1 i: 
#?3St1SOi^-Kffl3 7t^3i£^{KJlT-^$n^*\ 15 

[ 0 0 9 7 ] J; -^x^nmxu. mi^m.^y 

[00 981 iK{CBUiav-HJi3 7<7)K/il4, SnmUi 
±T'5 0 n mJ.:lTT'J.&C: i: i LV^ m^i^- KJl 
3 7tO|glf A^S nmXO t^h? < fc , mfieT^^T 
®4 0±$:^±(CB!)iai'-K13 7f Sa ^ i:*^'T'g^5r 
V^^iItlg^t*^^)'9, Tr!ne=sf^>yrJi4 l*<H5i2 

T^^7i§4o^co~mzmmmfS.^rLx. z<omx 

iumS:lXtt\.K tii^kmm^zmii^'-r-yrmA \(n 

4mmt?:mmz{m^-^h.itm^Ki^^r.z>6^ 

DST14, srsB'>~ HJi 3 7 cOMil^ 3 n ml.jl±li^.^ L 
[0099 1 t/L-fJiei^- H« 3 7(7)^*^5 Onmi: 

ti'y~\<M37cr>m^m37 aCDmmit:k^<^h, m 
lev- h'® 3 7<4M>t«f C u T'BfigS^LS*^, C u (i« 
Att*<$lifc'ft<^f<, t¥->tfiiEx-H;i3 7(7))BIJI 
< & i Tfriei- - H ® 3 7 ^ogii^i-T'i'^iS:^*? 
m&k^l . tt:mi'>- K®3 7tf0iKffH 1 i}<m±X' 
5 0nmB&^iitLli^ mS.TUz}T!SAO<D±mim 

Eii^-\^JS3 7i,zX',xmmizmhtii(r>x\ zh.a± 

**oT*%Bfl-C«Hule>— K«3 7«0K/f i7)±|®ii$- 3 
Onrnt-r^CltiiL^C. ^fcliriev- Kl 3 7cO^/S 
«i 5 n m J.:l±-C' 3 0 n m JilTt'*. ^ i: *U 0 4f ^ L 
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< , 1 0 n mJ.:il±T2 0 n mJMTT'ftSC: hizfi- 

{ 0 1 0 0 J ttzmiii^- K13 Hi. C u . P t . P 
Rh. Ru. I r, Osi}^(>miitlfzl&ttzii2 

3 7 «r ^ -y ^?fMt I. .1 b i}<'^miz^j:l . 

[01011 tt::Z1lh4m^^m^m'(>^j:li^-}( 

ydr> v7"l4 1 5:mtS7C«N i 

^ < S=5: S t iOTJ> •) , lute X- HJl 3 7 *<SfliaT9J3 

•ttzt , tfc*^"-5 1 mfiav— Kl 3 7±lcffM 

immt:.bmmx'hh. 

[0102] ^fz^^mX'\i. mtl^^ yrmA 1 {iN 
i-P. Ni-Mo. Ni-W\ Ni-P-Mo. 

r/N i -p-weov%-fn*^afmSfii.::i:*»'ffi 

[0103] zix(,ntm^,mmi:mi-i -r t -csi/ 
ie=»r-v >y r;i4 1 sr^ -y ff^fi£-ri. c b mmz^j: h , 
tf:zzti(>^mii^mmm(otmiti:mmizm^-tiz 

b T\ msi^\ '•/ rM4 1 mmmttt Z b i}<X'^ . 
$ hlzMi:kit-^mm^mzti Z b ti^ktt'Jb h . 

[0 104] tti^^mz'ii. 0mt±mnb tx. 

N i PiimtR^K. Itrldi^- K«3 7 i: c7)^®«>^> 1 0 
n mCOK/Irt-C-, ifiL<(±40n mtOJl/il^T'OPC* 
Pc7)-^*«i8Kfi%l-:LhT'l 5«fi%WTtc^$^ 
I. i LV^, J: 'om l<\il 0®l%£Ui-C' 1 

5 vm%aTX'h o , s ^izm Kim «*%ja± 

T-l 5Kft%WTT'^)a, 

[0 1051 Zixl,zi:0mt?.i—VS3 7b<D^mi'(> 

rfeS-dJiST'^. ^*c0j;dlCBuie^^-yr®4 ico^rffi 
#3£T'(7)ai3^c7)|^^jqi0j-ri. C b ^^-^ tfz± 

iec7)7c*p^^tf^> 7 7-® 4 1 x'hiimnimm 
Tco0mmti:mmizim^iti z t i^x-thtztb . ^ 

[0106] ttzMi^-r •y7-l4 1 <?)Ji/i^f*:cO^±^ 
lt:7tmP(r>^^aLlil l®4%tLhT'l 5«ft%WT 



I.. 

[01071 ^rfc1fne7cfgPc73^^fl<^-a!lS:^(::|l|L 

^ (^iz^^mxmi m^rmmxm^^tirzt^Si 

[0108114 T-{±mie^> y nSA 1 'J 
5 H*^cJiUi''^h«^^MiOl6ii«4 2iJr/i-L-CTO 
WfcJSiiSgttfc^S i 3 (c>'N-:J'-yjg«$n;t3>f;Uffl4 
3*?ISJt^.iiTV^|., ^rJo, B5l23'fn'ii4 3«iCu 

[0 1091 $^>t:. l?ife3'f/l/Ji4 3{i7K';-f S 

h*ff4T'JFM§ii?t:*6^Ji4 4 izmtti, it 

Bm4 4co±izmm^mmco±^nTm4 5A^ffM$ 

[0 110] m4l,z^.i-J:dlz. ±aJ3TM4 5c05feffl 

4 0<r>±{Z^^r-vrm4 1 i-ftLXMf^l. ^V-yrft 
G 1 •y7'*%M$fxTfc») . ±S53T14 
5f)««g|54 5 b(i, TgI53r»4 0fcia^WtC«^$ 

[01111 ^tiT^armA ocomm^mmsti 

i: . J: 0feMi«*'\<o<t#<o«a;*ss*s< T'§ 
[ 0 1 1 2 1 »:(cii 1 L 3 fc p tj^ofiMia^'x 

(0 1 1 3] Il5T1±Ta5ar«2 0±lc. l^v^xM 

5 iSraiTfiffMLTV^I., fflfBUi^'X M5 liOJf 

a H 3 1± , ^-^^r < i 1 11 1 tcii^^^ L7t:fi)ilS^^ -y 
KlCi5ttl.a®a52 4 cO^^-^J: 0 t/f < m^ilT 

[01141 i^iitcbi^'.:?, hi 5 1 iz. m^mzx -5 

[01 1 51 05t:7R1-J:3{cilffia!2 4 5-, T*>^,T 
g|!ja®l2 1 . ^M<?)i/-Kl3 1 . ^> 7 7=12 

2. i6Xi/±s^(&mm3 5X'm^i. ztiC:,^^. ^ 
•V ^rm 2 5 s-Ttfit Lxmm. lt ^ -y ^sf-j^^t s . 

[0116] ±iecoJ: 0 tTgPKSf 2 1 cO±tci:jg. 
^> 7 r® 2 2 2: p< -y ffM t^r v^T'. t -f ^ISttco 
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2 *:;>(-/ ^ffMt ?>ZtX\ MBTSP^Sl 2 1 t^-t 
S-^ttillO-^-f 7ra2 2«0N i !7)xf^'=Jf X 

B(fie=>r> y rm 2 2(r)^mimx'ffy4m^7tmff)t^M. 
[01 17] c:::T*^t-{i, fitey-Hiis iS:. 

Cu. Pt. Pd, Rh. Ru, I Os*»^)Stf^^ 

1 at>'=^f ^ 7 ri 2 2 m^i-i n i <^*s^^i: 

±{c^ ••/ ^mf&ifzmiz. ma^- 3 1 twiMTU 

ie©i2 l±•C'Xt•^'^i^•^'/^{c^ft•r■&^0$rKil:T 
& . Lfeji^'-jtHfifS^- Hit 3 1 itjeEg^n^^A- -y 

[0118] t/i*l6B3f{±, Me='r> •y7-«2 20;< 
[0119] *l|BBT'{i, •yrS2 2T^::fnei^- 

A' •yr;i2 2C0N i <?3Xb*:? 

$ /I, b^hX\,^fz mM^AT y rl 2 2 cD^m 

[0120] tcfii:^mBX'iimm.^m^^m^^tzm 

[0121] ^^^mX'Umif^^ i';l^T'0N/OFF^ 
mmt. ^<^btcr)Tjt.-r^tt^, 0. 1*^^.0. 5 

mmiz^^^h:Lbi)mtL\,\ mmo. sw-^-i ^ 

;UT'0N/OFFS-^®1-. 

[0122] ±liff)XolZJVl'Xmr^iim-^tzm%}( -y 
^miZ i dr> y 2 2 CO ^ 7 ^ ffMB^tC . ISE 

^SI^-Sco^J-^|jc;)II *? $-^|D-r I) Z b i?-simz^j:-yX \ ^ 
h . LTSuie^ v -y rm 2 2 S-i!'' Lt='>;< y ^JB^-f 

t 0 1 2 3 ] ^iOj: 0 <,zy^ivxm^im^^tzn.%)< -y^ 
ffi6cJ:-:.T, ^ '/^Bm^izia\ihWA'^^§.<n^'n(7)m 

*)'k^m^'^hzbx\ mii'^-m3 imntz^b 

t -^iyitX . J; 9 il^t 5^ffiftifit-(7):5f a- 7'« 2 2 c?) 



[0124]^ fz^^mXU - Hi|i£^> y 2 2 *■ , 

n^im^xj<y^mi$.Lxhx^\ 

[0125] ZtlizX Ofitev- K^3 1 5:^ttJtI b 

b ^h'tX . $ ^zmmzmHi&X'(n^^ -y Tfl 2 2 

# , HUia^V •/ 7-^ 2 2 2: 7^ 7 r 

[0126] ^/v:H?i£-^> 77-122 ^BffS^OltjS^JK 

;t:f*, S 0 'v 2 2 S: Hifl£F;r«<^«eSS?jKck 0 
{.^^^mS[?gJS2r^^rS>^V^;^Sg[{cJ:-7■C^ 7^JB^ 
■f 4 ^ J: T\ fffleS') iO^> 7 7'Ji 2 2 Sr5I< ^ 7 

^^i. c: t *5t'i , ffife^-v 7 7-Ji 2 2 ^7)^ 7 ^m^i: 

m^x-m^-th z b *f5j^(c=5: 1 . 

[0127] ttz^^mx'ii, mm^(omm'Mm^, 

mm I. 5mA/cni2W±f3. OmA/cm^OT 

7 rS 2 2 1 0 n mcOW^tX'J^ 7 

L, $)■SV^{if^itE^'A• 7 7'®2 2$rfttUC04 0 nmCOM 
ffiT'>7^?fMtl.. il<^b^:>(-y^m^^mii. 7 
-15^mmX-$>h. ^^ON/OFFOra-x-f- 

[0128] HIriem»s^■s*^^s^^• 

J: '0 . fiie^> 77"Ji 2 2 5- 1 0 nm. ibS 

\m4 0nmtT^ y^^M^^fzm. frie?5»)co^> 

7r®22S-. fia|;c{f8. 5mA/cm2J,:li:T'l 1. 
OmA/c mZtilT<7)^lgJ?&Jt^*-f I. '^.'l^xSffiJffl 

uT;>< 7 ^Ji^^-f s . ztuzx'o mias 9 c^=3r> 7 rs 

2 2 0 7 ^JBfiStT'^ . ma^AT 7 rfl 2 2 7 

tmmt, mmizmz^-^fmc^^^^izj: ot^^ti. 
mtiiii^ij^f^a^mmx-hh, ^/.-on/off 

[0129] ±MLfzm:<^im.mzi.i,m.^ -y^m. h 

|>0<i^NVl^;?-«?;t^ffll^7t«M^ -y^mz^nX. X~ 
K;g<^±{C N i P*»4,'5:*dr> 7 rmm^ Uz^^, 
mti'^--)^Mb<r>^mi}'^ 1 0 n m4t'<0Pc^•g•^S?• 
8Sjl%Ji^±t'l 5®«%tlTtCT'^. tfzWBS.mA' 
A, 4 0 n m S t'OMSf*I(5D7C^ P ^ , 8 9i% 

V^±X'l 5Sfi%iaT{CT#, iOif^ L<{i, huIEtu 

^ p (o^wfiS: , 1 0 «a%ja±T' 1 5 Mfi%mTc , 

§/^(-j!fJiL<{l. 85i27cSP<7)^W«5r. 1 lWfi% 
W±X' 1 5 «fi%UTtt-S. ^ b i}<X'^ -5 . 
[0130] ^/::*I^B3T-ii. mi^^ •yrm<7:>m^ 
i^<omUz7cmP<DttRi. 1 l«fi%Ja±T-l 5 
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C 0 1 3 n ^fc*|£Hflt-(i:, flirlS^^ •y7'S2 2 *:N 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [The technical field to which invention belongs] 
this invention relates to the thin film magnetic head which the thin film magnetic head for record 
can be started, especially the corrosion resistance near the interface by the side of the lower 
magnetic pole layer (or lower core layer) of a gap layer and smooth nature can be raised, and 
can promote nonmagnetic-ization, and its manufacture method. [0002] [Description of the Prior 
Art] Drawing 15 is the partial front view showing the structure of the thin film magnetic head 
(thin film magnetic head) in the former. [0003] The sign 1 shown in drawing 15 is the lower 
core layer formed by magnetic materials, such as a permalloy, and the insulating layer 9 is 
formed on this lower core layer 1 . [0004] It applies in the height direction (the direction of 
illustration Y) from an opposed face with a record medium, and slot 9a in which the inside width 
method was formed by the width of recording track Tw is formed in the aforementioned 
insulating layer 9. [0005] Into this slot 9a, plating formation of the lower magnetic pole layer 
2 which connects with the lower core layer 1 magnetically in order of a lower shell, the gap 
layer 4, and the up magnetic pole layer 5 which connects with the up core layer 6 magnetically 
is carried out. Furthermore, plating formation of the up core layer 6 is carried out on the 
aforementioned up magnetic pole layer 5. [0006] Moreover, on the aforementioned insulating 
layer 9 in the height direction (the direction of illustration Y), the coil layer (not shown) by 
which pattern formation was carried out spirally is prepared rather than slot 9a formed in the 
insulating layer 9. [0007] In the inductive head shown in drawing 15 , if record current is given 
to the aforementioned coil layer, a record magnetic field will be guided to the lower core layer 
1 and the up core layer 6, and a magnetic signal will be recorded on record media, such as a 
hard disk, by the leak magnetic field from between the up magnetic pole layers 5 which connect 
with the lower magnetic pole layer 2 and the up core layer 6 which connect with the lower core 
layer 1 magnetically magnetically. [0008] By the way, the aforementioned gap layer 4 is formed 
by NiP in which plating formation is possible. In the former, plating formation of the 
aforementioned NiP film was carried out by the electroplating method which used the direct 
current. [0009] [Problem(s) to be Solved by the Invention] However, when plating growth of 
the aforementioned NiP film was carried out from the interface with the aforementioned lower 
magnetic pole layer 2 by the electroplating method using the direct current, the bird clapper 
understood very small especially the content of the element P near [ aforementioned ] an 
interface. For example, within about 2.5nm thickness, the content of the aforementioned element 
P was understood from the aforementioned interface by the experimental result smaller than 8 
mass % with a below-mentioned bird clapper. [0010] If electroplating is carried out using a 
direct current, a bias occurs in the distribution of current density to the nickel-P film at the time 
of plating formation, and current will flow continuously intensively to a certain plating side. And 
the bias of such a current distribution is that the element nickel which is easy to plan the 
crystalline lower magnetic pole layer 2 and crystalline grid adjustment grows in epitaxial, and 
crystallizes, and the content of the element P near [ aforementioned ] an interface is considered 
to become extremely small. Moreover, by epitaxial growth of the above-mentioned nickel, 
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****** in the aforementioned interface becomes severe. [0011] The content of the element P 
near [ aforementioned ] an interface was extremely small as mentioned above, and corrosion 
resistance fell, since the NiP film which ****** generated was neutral, it was tended to eat it 
away the penetrant remover used at the washing process of slider manufacture etc. since it is 
weak in the solution of an alkali field, and fault, like as shown in drawing 16 (** type view), 
a crack goes into the aforementioned NiP film generated it. Recording characteristics, such as 
an over-writing property, fall by this. [0012] Moreover, near [ aforementioned ] an interface 
tends to be tinctured with magnetism, and since the size of the gap length Gl determined by this 
by the thickness of the aforementioned gap layer 4 is changed, it cannot manufacture the thin 
film magnetic head which has a predetermined recording characteristic with the sufficient yield, 
because the content of the element P near [ aforementioned ] an interface falls. [0013] Then, 
this invention aims at offering the thin film magnetic head which it is, the aforementioned gap 
layer can be made to be able to carry out specified quantity content of the nonmagnetic element 
by forming a gap layer on a nonmagnetic seed layer especially, and the corrosion resistance of 
a gap layer and smooth nature can be raised, and can promote nonmagnetic-ization of the 
aforementioned gap layer and its manufacture method for solving the above-mentioned 
conventional technical problem. [0014] [Means for Solving the Problem] The thin film 
magnetic head in which this invention has a gap layer between a lower core layer and an up core 
layer, or a lower core layer, The magnetic pole section formed on the aforementioned lower 
core layer in order of the lower magnetic pole layer, the gap layer, and the up magnetic pole 
layer, or the magnetic pole section formed in order of the gap layer and the up magnetic pole 
layer on the aforementioned lower core layer, In the thin film magnetic head which has the up 
core layer formed on the aforementioned up magnetic pole layer the aforementioned gap layer 
It is characterized by being formed on the nonmagnetic seed layer formed on the aforementioned 
lower core layer or the lower magnetic pole layer, and forming the aforementioned gap layer 
with the non-magnetic metal material which made nickel the principal component. [0015] It is 
made for the aforementioned gap layer and the aforementioned lower magnetic pole layer (or 
lower core layer) not to touch directly by this invention by forming a nonmagnetic seed layer 
between a gap layer and the aforementioned lower core layer or between the aforementioned gap 
layer and the aforementioned lower magnetic pole layer. [0016] By this, without nickel which 
stops easily being able to carry out between the aforementioned lower magnetic pole layers (or 
lower core layer) for grid adjustment, and is contained in a gap layer like before growing 
epitaxially, the aforementioned gap layer can make [ many ] the content of the nonmagnetic 
element in near the interface of the aforementioned gap layer conventionally made into the 
problem compared with the former, and can change the membrane structure near [ 
aforementioned ] an interface into an amorphous state. [0017] For this reason, the corrosion 
resistance of the aforementioned gap layer and smooth nature improve, and the aforementioned 
gap layer is not eaten away by the penetrant remover of the washing process of slider 
manufacture etc., but fault, like a crack goes into the aforementioned gap layer like before can 
be prevented. [0018] Moreover, the aforementioned gap layer can be made to contain the 
nonmagnetic element of the specified quantity, and the aforementioned gap layer can be 
appropriately made nonmagnetic. Therefore, gap length predetermined by the comprehensive 
thickness of the aforementioned gap layer and a nonmagnetic seed layer can be formed easily, 
and it is possible to manufacture the thin film magnetic head excellent in the recording 
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characteristic. [0019] Moreover, as for the thickness of the aforementioned seed layer, in this 
invention, it is desirable that it is 50nm or less in 3nm or more. It is 30nm or less in 5nm or 
more more preferably, and is 20nm or less in lOnm or more still more preferably. If the 
thickness of the aforementioned seed layer becomes smaller than 3nm, the aforementioned lower 
magnetic pole layer (or lower core layer) top cannot be completely covered in the 
aforementioned seed layer. A part of aforementioned gap layer will be directly formed on the 
aforementioned lower magnetic pole layer (or lower core layer). While nickel content of the 
aforementioned gap layer increases in the portion, the content of a nonmagnetic element becomes 
small as usual, near the interface of the aforementioned gap layer crystallizes, and therefore the 
corrosion resistance of the aforementioned gap layer and smooth nature fall, and nonmagnetic- 
ization cannot be promoted appropriately, and it is not desirable. [0020] Moreover, if the 
thickness of the aforementioned seed layer becomes larger than 50nm, the area exposed from 
the record-medium opposed face of the aforementioned seed layer will become large. If the 
aforementioned seed layer is formed with the quality of the materials which are not so much 
excellent in corrosion resistance, such as Cu, the area exposed from the record-medium opposed 
face of the aforementioned seed layer is large, and the aforementioned seed layer becomes easy 
to corrode and is not desirable at a bird clapper, moreover . [0021] In addition, as for the 
aforementioned seed layer, in this invention, it is desirable to be formed with the non-magnetic 
metal material which does not contain a magnetic element. It can form without being able to 
change the lattice constant of the aforementioned seed layer with the lattice constant of the lower 
magnetic pole layer formed by the magnetic material, and a lower core layer greatly, and 
growing the aforementioned seed layer epitaxially on the aforementioned lower magnetic pole 
layer or a lower core layer by this, therefore, the ** which does not grow epitaxially the gap 
layer formed on the aforementioned seed layer on the aforementioned seed layer - the 
aforementioned gap layer near an interface - a nonmagnetic element - the former - many - 
it can incorporate - near [ aforementioned ] an interface suitable — amorphous — it does-izing 
and is desirable [0022] Moreover, by forming the aforementioned seed layer with non-magnetic 
metal material, the plating formation of the aforementioned seed layer can be carried out, and, 
thereby, it becomes possible to form the aforementioned seed layer and a gap layer by 
continuation plating. [0023] As for the aforementioned seed layer, in this invention, it is 
specifically desirable to be formed with one sort or two sorts or more of non-magnetic metal 
material chosen from Cu, Pt, Pd, Rh, Ru, Ir, and Os. [0024] Moreover, as for the 
aforementioned gap layer, in this invention, it is desirable to be formed by any one sort of 
nickel-P, nickel-Mo, nickel-W, nickel-P-Mo, and the nickel-P-W. [0025] Moreover, in this 
invention, the aforementioned gap layer is formed by NiP, and it is desirable that the content 
of P from an interface with the aforementioned seed layer to lOnm is below 15 mass % above 
8 mass %. [0026] By this invention, the aforementioned seed layer is formed and the element 
P near the interface of the aforementioned gap layer changes into the amorphous state where it 
contained more mostly than before, by making it a lower magnetic pole layer (or lower core 
layer) and a gap layer not touch directly. The corrosion resistance of the aforementioned gap 
layer and smooth nature can be raised by this. Moreover, this portion is made to nonmagnetic 
and the thin film magnetic head from which gap length Gl serves as a predetermined value can 
be manufactured with the sufficient yield because Element P contains below 15 mass % in lOnm 
thickness from the aforementioned interface above 8 mass %. [0027] Moreover, in this 



3 



invention, it is desirable that the content of the element P in the thickness from the 
aforementioned interface to 40nm is below 15 mass % above 8 mass %. [0028] Moreover, as 
for the content of the aforementioned element P, in this invention, it is desirable that it is below 
15 mass % above 10 mass %. and the content of the aforementioned element P is below 15 mass 
% more preferably above 11 mass %. [0029] If it is the above-mentioned composition range, 
while being able to raise the corrosion resistance of the aforementioned gap layer further, it is 
possible to manufacture the thin film magnetic head which can promote more nonmagnetic- 
ization near the interface of the aforementioned gap layer, and has a good recording 
characteristic. [0030] Moreover, as for the content of the element P which the whole thickness 
of the aforementioned gap layer averaged in this invention, it is desirable that it is below 15 
mass % above 11 mass %. [0031] Corrosion resistance improvement in the aforementioned 
whole gap layer can be aimed at from the aforementioned interface by regulating preferably at 
least lOnm of average contents of the element P of the whole thickness of not only the inside 
of thickness of 40nm but the aforementioned gap layer within the limits of the above, and 
nonmagnetic-ization of the aforementioned whole gap layer can be promoted. [0032] In 
addition, measurement of the content of the above-mentioned element P was performed using 
the X-rays spectroscopic analyzer. Only with the X-rays spectroscopic analyzer, since only the 
relative value was acquired, the content of Element P amended the content of the element P 
obtained from the aforementioned X-rays spectroscopic analyzer by wet analysis, and obtained 
the absolute value. In addition, it amended using the film sample with a large area. It is the 
content of the element P of this invention which it described above. [0033] Moreover, about 
the distance from an interface with a lower* magnetic pole layer or a lower core layer, it 
measured using the transmission electron microscope (transverse electromagnetic). [0034] 
Moreover, this invention is set to the manufacture method of the thin film magnetic head of 
having a lower core layer made from a magnetic material, and the up core layer made from a 
magnetic material which counters through a gap layer on the aforementioned lower core layer 
by the opposed face with a record medium, (a) The aforementioned lower core layer the process 
which carries out plating formation, and on the (b) aforementioned lower core layer Direct, 
After carrying out plating formation of the lower magnetic pole layer on the aforementioned 
lower core layer, or on this lower magnetic pole layer The process which carries out plating 
formation of the seed layer formed with one sort or two sorts or more of non-magnetic metal 
material chosen from Cu, Pt, Pd, Rh, Ru, Ir, and Os, (c) It is characterized by having the 
process which carries out plating formation of the nonmagnetic gap layer which made nickel the 
principal component on the aforementioned seed layer, and the process which carries out plating 
formation of the up core layer through an up magnetic pole layer directly on the (d) 
aforementioned gap layer. [0035] After forming a seed layer on a lower magnetic pole layer 
or a lower core layer like the above-mentioned manufacture method, the aforementioned gap 
layer and a lower magnetic pole layer (or lower core layer) can incorporate many nonmagnetic 
elements near the interface of the aforementioned gap layer by this by the ability preventing 
touching directly by forming a gap layer on the aforementioned seed layer, and plating formation 
of near [ aforementioned ] an interface can be carried out in the amorphous state. [0036] 
Moreover, it is desirable to carry out plating formation of the aforementioned seed layer by 3nm 
or more in the aforementioned (b) process by this invention at thickness 50nm or less. It is 
carrying out plating formation of the aforementioned seed layer by 30nm or less by 5nm or more 
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more preferably, and is carrying out plating formation of the aforementioned seed layer by 20nm 
or less by lOnm or more still more preferably. While being able to cover certainly a lower 
magnetic pole layer (lower core layer) top in the aforementioned seed layer by this, area exposed 
from the record-medium opposed face of the aforementioned seed layer can be made small, and 
the corrosion of the aforementioned seed layer can be prevented appropriately. [0037] In 
addition, it is desirable to carry out plating formation of the aforementioned gap layer in this 
invention at any one sort of nickel-P, nickel-Mo, nickel-W, nickel-P-Mo, and the nickel-P-W. 
[0038] [Embodiments of the Invention] The partial front view showing the structure of the thin 
film magnetic head [ in / this invention / in drawing 1 ], the elements on larger scale to which 
drawing 2 expanded the magnetic pole section, and drawing 3 are the fragmentary sectional 
views which cut the thin film magnetic head shown in drawing 1 from three to 3 line, and were 
seen from the arrow. [0039] Although the thin film magnetic head shown in drawing 1 is an 
inductive head for record, in this invention, the laminating of the head for reproduction (MR 
head using AMR, so-called GMR, so-called TMR, etc.) which used the magnetoresistance effect 
for the bottom of this inductive head may be carried out. [0040] The sign 20 shown in drawing 
1 is the lower core layer formed by magnetic materials, such as for example, a NiFe alloy, a 
CoFe alloy, a CoFeNi alloy, or Co. In addition, when the laminating of the head for 
reproduction is carried out to the aforementioned lower core layer 20 bottom, the shield layer 
which protects a magnetoresistance-effect element from a noise may be prepared separately [ the 
aforementioned lower core layer 20 ], the aforementioned shield layer may not be prepared, but 
the aforementioned lower core layer 20 may be operated as an up shield layer of the 
aforementioned head for reproduction. [0041] As shown in drawing 1 , an insulating layer 23 
is formed in the both sides of the aforementioned lower core layer 20. Moreover, as shown in 
drawing 1 , the inclined planes 20b and 20b which incline in the direction which upper surface 
20a of the lower core layer 20 prolonged from the end face of the lower magnetic pole layer 21 
may be prolonged and formed in the direction parallel to the direction of the width of recording 
track (the direction of illustration X), or separates from the up core layer 26 may be formed. 
Generating of side fringing can be more appropriately reduced by inclined planes 20b and 20b 
being formed in the upper surface of the aforementioned lower core layer 20, [0042] As shown 
in drawing 1 , the magnetic pole section 24 is formed on the aforementioned lower core layer 
20, and exposure formation of the aforementioned magnetic pole section 24 is carried out at the 
opposed face with a record medium. If the aforementioned magnetic pole section 24 was formed 
by the width of recording track Tw and it says in this example, it will be a width-of -recording- 
track specification part. As for the aforementioned width of recording track Tw, being formed 
by 0.7 micrometers or less is desirable, and it is 0.5 micrometers or less more preferably. 
[0043] The aforementioned magnetic pole section 24 is constituted from the laminated structure 
of the lower magnetic pole layer 21, the seed layer 31, the gap layer 22, and the up magnetic 
pole layer 35 by the example shown in drawing 1 . [0044] As shown in drawing 1 , on the 
aforementioned lower core layer 20, plating formation of the lower magnetic pole layer 21 used 
as the lowest layer of the magnetic pole section 24 is carried out through the plating ground 
layer 25 (refer to drawing 3 ). The aforementioned lower magnetic pole layer 21 is connected 
as magnetically as the lower core layer 20, and even if the aforementioned lower magnetic pole 
layer 21 is formed with the quality of the material which is different also with the same quality 
of the material as the aforementioned lower core layer 20, whichever is sufficient as it. The 



5 



aforementioned lower magnetic pole layer 21 is formed using magnetic materials, such as a NiFe 
alloy, a CoFe alloy, a CoFeNi alloy, and Co. Moreover, even if the monolayer is also formed 
by the multilayer, whichever is sufficient as the aforementioned lower magnetic pole layer 21. 
In addition, the height size of the aforementioned lower magnetic pole layer 21 is formed by 
about 0.3 micrometers. [0045] The nonmagnetic seed layer 31 is formed on the aforementioned 
lower magnetic pole layer 21, and the laminating of the nonmagnetic gap layer 22 which made 
nickel the principal component on the aforementioned seed layer 31 is carried out. In this 
invention, the aforementioned seed layer 31 and the gap layer 22 are formed with non-magnetic 
metal material, and plating formation is carried out on the lower magnetic pole layer 21. In 
addition, the height size of 30nm (0.03 micrometers) and the gap layer 22 is formed for the 
thickness of the aforementioned seed layer 31 by about 0.2 micrometers. [0046] Next, on the 
aforementioned gap layer 22, plating formation of the up magnetic pole layer 35 which connects 
with the up core layer 26 mentioned later magnetically is carried out. In addition, the 
aforementioned up magnetic pole layer 35 may be formed with the same quality of the material 
as the up core layer 26, and may be formed with the different quality of the material. The 
aforementioned up magnetic pole layer 35 is formed using magnetic materials, such as a NiFe 
alloy, a CoFe alloy, a CoFeNi alloy, and Co. Moreover, even if the monolayer is also formed 
by the multilayer, whichever is sufficient as the aforementioned up magnetic pole layer 35. In 
addition, the height size of the aforementioned up magnetic pole layer 35 is formed by 2.4 
micrometers - about 2.7 micrometers. [0047] It enables them to carry out plating formation of 
the lower magnetic pole layer 21, the seed layer 31, the gap layer 22, and the up magnetic pole 
layer 35 continuously, if the seed layer 31 and the gap layer 22 are formed with non-magnetic 
metal material, as described above. [0048] In addition, by this invention, the aforementioned 
magnetic pole section 24 may be formed by the cascade screen which consists of the seed layer 
31, a gap layer 22, and an up magnetic pole layer 35. [0049] As described above, moreover, 
the lower magnetic pole layer 21 and the up magnetic pole layer 35 which constitute the 
magnetic pole section 24 Although whichever is sufficient even if each magnetic pole layer is 
formed with the quality of the material which is different also with the same quality of the 
material as the core layer connected magnetically, in order to raise recording density As for the 
lower magnetic pole layer 21 and the up magnetic pole layer 35 which counter the gap layer 22, 
it is desirable to have saturation magnetic flux density with each magnetic pole layer higher than 
the saturation magnetic flux density of the core layer connected magnetically. Thus, by having 
saturation magnetic flux density with high lower magnetic pole layer 21 and up magnetic pole 
layer 35, a record magnetic field is centralized near the gap and it becomes possible to raise 
recording density. [0050] By the way, as this invention shown in the elements on larger scale 
of drawing 2 , the nonmagnetic seed layer 31 is formed between the lower magnetic pole layer 
21 and the gap layer 22. It can prevent that the aforementioned lower magnetic pole layer 21 
and the gap layer 22 touch directly, and are formed of this. [0051] Therefore, the 
aforementioned gap layer 22 can suppress appropriately that the element nickel which stops 
easily being able to carry out between the lower magnetic pole layers 21 for grid adjustment, 
and constitutes the aforementioned gap layer 22 like before grows epitaxially and crystallizes by 
the interface by the side of the lower magnetic pole layer 21. [0052] That is, it is possible to 
be able to make [ more ] the content of the nonmagnetic element near the interface by the side 
of the lower magnetic pole layer 21 of the aforementioned gap layer 22 which had become a 
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problem conventionally (inferior surface of tongue) in this invention than before, and to make 
the membrane structure near [ this ] an interface amorphous, [0053] Therefore^ in this 
invention, even if it is possible to raise the corrosion resistance of the aforementioned gap layer 
22 and smooth nature and the neutrality and the alkaline cleaning agent which are used at the 
washing process of slider processing etc. **, the aforementioned gap layer 22 is not eaten away 
and a crack (refer to drawing 15 ) like before does not go into the aforementioned gap layer 22. 
[0054] Moreover, nonmagnetic-ization in this portion can be promoted by the nonmagnetic 
element of optimum dose being contained near [ aforementioned ] the interface of the 
aforementioned gap layer 22. [0055] Although gap length Gl is determined by the 
comprehensive thickness of the aforementioned gap layer 22 and the nonmagnetic seed layer 31 , 
it is that near the interface of the aforementioned gap layer 22 is appropriately made 
nonmagnetic, and can store the aforementioned gap length Gl in a predetermined value. [0056] 
Therefore, it is possible to manufacture the thin film magnetic head which keeps good recording 
characteristics, such as the over-writing property of the thin film magnetic head, and moreover 
has a predetermined recording characteristic in this invention with the sufficient yield. [0057] 
Next, conditions required for the aforementioned seed layer 31 are explained. The 
aforementioned seed layer 31 needs to have a different lattice constant from the lower magnetic 
pole layer 21. The aforementioned seed layer 31 is formed of this, without growing epitaxially 
on the lower magnetic pole layer 21. Therefore, the nonmagnetic element near an interface can 
be formed in the amorphous state where it contained more mostly than before, without growing 
epitaxially the aforementioned gap layer 22 containing nickel which has the almost same lattice 
constant as the aforementioned lower magnetic pole layer 21 on the aforementioned seed layer 
31. [0058] In order to make the lattice constant of the above-mentioned seed layer 31 into a 
different thing from the lattice constant of the lower magnetic pole layer 21, it is desirable to 
form the aforementioned seed layer 31 with the non-magnetic metal material which does not 
contain a magnetic element. Especially the magnetic element here has pointed out Co, Fe, and 
nickel. [0059] That it is the seed layer 31 containing the magnetic element of Co, Fe, and 
nickel the lattice constant of the aforementioned magnetic element Since it is almost the same 
as the lattice constant of the lower magnetic pole layer 21 of a magnetic material, the magnetic 
element of the aforementioned seed layer 31 becomes easy to grow epitaxially on the 
aforementioned lower magnetic pole layer 21. Since nickel of the gap layer 22 formed on the 
aforementioned seed layer 31 also becomes easy to grow epitaxially on the seed layer 31, it 
becomes impossible therefore, to solve the conventional technical problem appropriately. 
Therefore, it is desirable to form the aforementioned seed layer 31 in this invention with the 
non-magnetic metal material which does not contain a magnetic element. In addition, suppose 
that it mentions later about the quality of the material of the concrete aforementioned seed layer 
31. [0060] Next, as for the aforementioned seed layer 31, it is desirable for plating formation 
to be possible. By being formed with the non-magnetic metal material which can plate the 
aforementioned seed layer 31, it becomes possible to carry out continuation plating formation 
of the lower magnetic pole layer 21, the seed layer 31, the gap layer 22, and the up magnetic 
pole layer 35, and it can simplify a manufacturing process. [0061] Moreover, as for the 
aforementioned seed layer 31, it is desirable that adhesion with the lower magnetic pole layer 
21 and the gap layer 22 is good. [0062] Moreover, even if the aforementioned seed layer 31 
is formed by the crystal phase and it is formed with an amorphous phase, whichever is sufficient 
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as it. [0063] Next, the thickness HI of the aforementioned seed layer 31 is explained below. 
As for the thickness HI of the aforementioned seed layer 31, in this invention, it is desirable that 
it is 50nm or less in 3nm or more. If the thickness HI of the aforementioned seed layer 31 
becomes smaller than 3nm, the aforementioned lower magnetic pole layer 21 top may be unable 
to be completely covered in the aforementioned seed layer 31. Consequently, the aforementioned 
gap layer 22 is directly formed in the part on the aforementioned lower magnetic pole layer 21. 
nickel which constitutes the aforementioned gap layer 22 from the portion grows epitaxially, and 
it becomes impossible for the content of a nonmagnetic element to fall even to a grade 
conventionally, and to promote appropriately the improvement in the corrosion resistance of the 
aforementioned gap layer 22, or smooth nature, and nonmagnetic-ization of the aforementioned 
gap layer 22. [0064] Although the aforementioned lower magnetic pole layer 21 is formed by 
magnetic materials, such as a NiFe alloy, a CoFe alloy, a CoFeNi alloy, and Co, the diameter 
of average crystal grain of the lower magnetic pole layer 21 formed by these magnetic materials 
is within the limits of lOnm - 50nm in general. [0065] Moreover, Ra is within the limits of 2nm 
- 5nm in general in the center line average coarseness in the upper surface of the aforementioned 
lower magnetic pole layer 21. [0066] It is desirable to set thickness HI of the aforementioned 
seed layer 31 to 3nm or more for upper surface 21a of the lower magnetic pole layer 21 which 
has above diameter of average crystal grain and center line average coarseness in the seed layer 
31 completely at a wrap, and it can prevent appropriately that a part of aforementioned gap layer 
22 is directly formed on the aforementioned lower magnetic pole layer 21 by this. [0067] 
Moreover, if the thickness HI of the aforementioned seed layer 31 becomes larger than 50nm, 
the area of front end side 31a of the aforementioned seed layer 31 exposed from an opposed face 
with a record medium will become large. Although the aforementioned seed layer 31 is formed 
by Cu, as for Cu, the corrosion in the portion of the aforementioned seed layer 31 poses [ the 
thickness HI of the aforementioned seed layer 31 ] a problem large with not so sufficient 
therefore corrosion resistance by the bird clapper. Moreover, if 50nm of thickness HI of the 
aforementioned seed layer 31 is formed at the maximum, since upper surface 21a of the 
aforementioned lower magnetic pole layer 21 which has the above-mentioned diameter of crystal 
grain and the above-mentioned center line average coarseness will be certainly covered by the 
aforementioned seed layer 31, there is also no need of thickening thickness HI of the 
aforementioned seed layer 31 more than this. Therefore, in this invention, we decided to set the 
upper limit of the thickness HI of the aforementioned seed layer 31 to 50nm. [0068] Moreover, 
it is more desirable to set thickness HI of the aforementioned seed layer 31 to 30nm or less by 
5nm or more by this invention, and it is still more desirable to set the aforementioned thickness 
HI to 20nm or less by lOnm or more. By this, while being able to cover the aforementioned 
lower magnetic pole layer 21 top in the aforementioned seed layer 31 more appropriately, area 
exposed from the record-medium opposed face of the aforementioned seed layer 31 can be made 
small, and the thin film magnetic head excellent in corrosion resistance can be manufactured. 
[0069] Next, the quality of the material of the aforementioned seed layer 31 is explained below. 
As for the aforementioned seed layer 31, it is desirable to be formed with one sort or two sorts 
or more of non-magnetic metal material chosen from Cu, Pt, Pd, Rh, Ru, Ir, and Os. By using 
these non-magnetic metal material, it becomes possible to carry out plating formation of the 
aforementioned seed layer 31. [0070] Moreover, the lattice constant of the lower magnetic pole 
layer 21 differs from the lattice constant of the element nickel which constitutes the gap layer 
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22 greatly, and the lattice constant of the seed layer 31 which consists of these non-magnetic 
metal material can prevent appropriately that the aforementioned seed layer 31 grows epitaxially 
on the aforementioned lower magnetic pole layer 21. [0071] Next, the quality of the material 
of the gap layer 22 is explained. As for the aforementioned gap layer 22, in this invention, it 
is desirable to be formed by any one sort of nickel-P, nickel-Mo, nickel-W, nickel-P-Mo, and 
the nickel-P-W. [0072] It becomes possible to carry out plating formation of the aforementioned 
gap layer 22 by using these non-magnetic metal material. Moreover, it is possible to be able to 
make the aforementioned gap layer 22 nonmagnetic and to make corrosion resistance and smooth 
nature good further by adjusting appropriately the composition ratio of these non-magnetic metal 
material. [0073] Next, the desirable composition range of the aforementioned gap layer 22 is 
explained below. In this invention, the aforementioned gap layer 22 is formed by NiP, and it 
is desirable that the content of P from an interface with the aforementioned seed layer 31 to 
lOnm is below 15 mass % above 8 mass %. The content of the element P in the thickness to 
40nm js set below to 15 mass % still more preferably above 8 mass %. The gap layer 22 formed 
in this composition range is in the amorphous state. [0074] It is that plating formation is carried 
out where [ amorphous ] the content of Element P increased conventionally near the interface 
and a proper quantity of the element P is included in this invention, and it is possible to raise 
the corrosion resistance of the gap layer 22 near [ aforementioned ] an interface and smooth 
nature. Therefore, in this invention, even if the neutrality and the alkaline cleaning agent which 
are used at the washing process of slider processing etc. **, the aforementioned gap layer 22 
is not. eaten away and a crack (refer to drawing 15 ) like before does not go into the 
aforementioned gap layer 22. [0075] Moreover, nonmagnetic-ization in this portion can be 
promoted by the element P of optimum dose being contained near [ aforementioned ] the 
interface of the aforementioned gap layer 22. Although gap length Gl is determined by the 
comprehensive thickness of the thickness of the aforementioned gap layer 22, and the thickness 
HI of the nonmagnetic seed layer 31, it is that near the interface of the aforementioned gap layer 
22 is appropriately made nonmagnetic, and it is possible to store the aforementioned gap length 
Gl in a predetermined value. [0076] Therefore, it is possible to manufacture the thin film 
magnetic head which keeps good recording characteristics, such as the over- writing property of 
the thin film magnetic head, and moreover has a predetermined recording characteristic in this 
invention with the sufficient yield. [0077] In addition, the X-rays spectroscopic analyzer 
performed measurement of the content of the above-mentioned element P. However, since the 
content of the element P by the X-rays spectroscopic analyzer was measured as a relative value, 
for the amendment reason, wet analysis was performed for the absolute value after measurement 
according this to the aforementioned X-rays spectroscopic analyzer. In addition, it amended 
using the latus film sample of area. It is the value which the content of the element P measured 
by this described above. [0078] Moreover, about the distance from the aforementioned 
interface, it measured using the transmission electron microscope (transverse electromagnetic). 
[0079] Moreover, in this invention, it is preferably desirable from the aforementioned interface 
to lOnm that the content of the element P to 40nm thickness is below 15 mass % above 10 mass 
%. Moreover, as for the content of the aforementioned element P, it is more desirable that it 
is below 15 mass % above 11 mass %. [0080] If it is within the limits of the above, 
amorphous-ization of the gap layer 22 formed by the aforementioned NiP film can be promoted 
more, and the improvement in corrosion resistance and smooth nature and also nonmagnetic- 
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ization can be promoted more. Therefore, the thin film magnetic head which faults, such as a 
crack, did not occur near the interface of the aforementioned gap layer 22, and was excellent 
in the recording characteristic can be manufactured. [0081] Moreover, as for the content of the 
element P which the whole thickness of the aforementioned gap layer 22 averaged in this 
invention, it is desirable that it is below 15 mass % above 11 mass %. Thus, by containing the 
element P described above by the whole thickness of the gap layer 22, the corrosion resistance 
of the whole thickness of the aforementioned gap layer 22 can be raised, and, moreover, 
nonmagnetic-ization can be promoted. Therefore, while being able to protect the gap layer 22 
aforementioned whole from pervasion by the penetrant remover etc. appropriately, it can leak 
[ near / aforementioned / the gap ] and a magnetic field can be generated certainly. [0082] 
Next, portions other than the magnetic pole section shown in drawing 2 are explained. Like 
drawing 3 , it is formed by linear dimension LI, magnetic pole applying [ aforementioned / 24 
] it in the height direction (the direction of illustration Y) from an opposed face (ABS side) with 
a record medium. Between the aforementioned magnetic pole section 24 and the lower core layer 
20, Gd arrangement layer 27 formed by the organic insulating material etc. is formed. In 
addition, the distance from the nose of cam of the aforementioned Gd arrangement layer 27 to 
an opposed face with a record medium is formed by L2, and this distance L2 is a gap depth 
(Gd). [0083] Moreover, as shown in drawing 3 , it is behind the height direction (the direction 
of illustration Y) of the aforementioned magnetic pole section 24, and winding formation of the 
coil layer 29 is spirally carried out through the insulating ground layer 28 on the lower core 
layer 20. As for the aforementioned insulating ground layer 28, it is desirable to be formed by 
the insulating material which consists of at least one sort in AlO, aluminum 203, Si02 and Ta 
205, TiO and AIN, AlSiN, TiN and SiN, Si3N4, NiO, WO, W03, BN and CrN, and SiON. 
[0084] further - the aforementioned coil layer 29 — each — a conductor - it is buried by the 
insulating layer 30 between the pitches of the section As for the aforementioned insulating layer 
30, it is desirable to be chosen from at least one sort in AlO, aluminum 203, Si02 and Ta 205, 
TiO and AIN, AlSiN, TiN and SiN, Si3N4, NiO, WO, W03, BN and CrN, and SiON. [0085] 
As the aforementioned insulating layer 30 is shown in drawing 1 , it is formed in the both sides 
of the direction of the width of recording track of the aforementioned magnetic pole section 24 
(the direction of illustration X), and exposure formation of the aforementioned insulating layer 
30 is carried out at the opposed face with a record medium. [0086] As shown in drawing 3 , 
on the aforementioned insulating layer 30, winding formation of the 2nd coil layer 33 is carried 
out spirally. [0087] As shown in drawing 3 , the coil layer 33 of the above 2nd is covered by 
the insulating layer 32 formed by organic materials, such as a resist and a polyimide, and pattern 
formation of the up core layer 26 formed with the NiFe alloy etc. is carried out for example, 
by frame plating etc. on the aforementioned insulating layer 32. [0088] Moreover, as shown 
in drawing 3 , on the aforementioned up magnetic pole layer 35, it connects magnetically and 
point 26a of the aforementioned up core layer 26 is formed, end face section 26b of the 
aforementioned up core layer 26 was formed by magnetic materials, such as a NiFe alloy, on 
the lower core layer 20, is raised, and on the layer 36, it connects magnetically and it is formed. 
In addition, it raises the account of before, and the layer 36 does not need to be formed and the 
direct file of the end face section 26b of the aforementioned up core layer 26 will be carried out 
on the lower core layer 20 in this case. The aforementioned up core layer 26 top is covered by 
the protective layer 34 of aluminum203 grade. [0089] Moreover, as shown in drawing 1 , it 
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turns out that the width-of-face size of the up core layer 26 in the edge joined on the 
aforementioned up magnetic pole layer 35 is larger than the width-of-face size of the direction 
of the width of recording track of the aforementioned up magnetic pole layer 35. Thereby, the 
magnetic flux from the aforementioned up core layer 26 can be efficiently passed in the 
aforementioned up magnetic pole layer 35, and improvement in a recording characteristic can 
be aimed at. [0090] Drawing 4 is drawing of longitudinal section of the thin film magnetic head 
of the gestalt of another operation of this invention. In addition, the end face on the left-hand 
side of [ illustration ] the thin film magnetic head shown in drawing 4 is an opposed face with 
a record medium. [0091] With the gestalt of this operation, the nonmagnetic seed layer 37 is 
formed on the lower core layer 40. And the nonmagnetic gap layer 41 which made nickel the 
principal component is formed on the aforementioned seed layer 37. [0092] Thus, in this 
invention, it can prevent appropriately that the aforementioned gap layer 41 is formed directly 
in contact with the lower core layer 40 the aforementioned lower core layer 40, the gap layer 
41, and in between because the seed layer 37 intervenes. [0093] Therefore, the aforementioned 
gap layer 41 can suppress appropriately that the element nickel which stops easily being able to 
carry out between the lower core layers 40 for grid adjustment, and constitutes the 
aforementioned gap layer 41 like before grows epitaxially from the interface by the side of the 
lower core layer 40 (inferior surface of tongue). [0094] That is, in this invention, the content 
of the nonmagnetic element near the interface of the aforementioned gap layer 41 which had 
become a problem conventionally can be made [ more ] than before, and the gap layer 41 near 
[ aforementioned ] an interface can be made amorphous. Therefore, in this invention, even if 
it is possible to raise the corrosion resistance of the aforementioned gap layer 41 and smooth 
nature and the neutrality and the alkaline cleaning agent which are used at the washing process 
of slider processing etc. **, the aforementioned gap layer 41 is not eaten away and a crack 
(refer to drawing 15 ) like before does not go into the aforementioned gap layer 41. [0095] 
Moreover, nonmagnetic-ization in this portion can be promoted by the nonmagnetic element of 
optimum dose being contained near [ aforementioned ] the interface of the aforementioned gap 
layer 41. [0096] Although gap length Gl is determined by the comprehensive thickness of the 
aforementioned gap layer 41 and the nonmagnetic seed layer 37, it is that near the interface of 
the aforementioned gap layer 41 is appropriately made nonmagnetic, and can store the 
aforementioned gap length Gl in a predetermined value. [0097] Therefore, it is possible to 
manufacture the thin film magnetic head which keeps good recording characteristics, such as the 
over- writing property of the thin film magnetic head, and moreover has a predetermined 
recording characteristic in this invention with the sufficient yield. [0098] Next, as for the 
thickness of the aforementioned seed layer 37, it is desirable that it is 50nm or less in 3nm or 
more. If the thickness of the aforementioned seed layer 37 becomes smaller than 3nm, the 
aforementioned lower core layer 40 top may be unable to be completely covered in the 
aforementioned seed layer 37. The aforementioned gap layer 41 is directly formed in the part 
on the aforementioned lower core layer 40. consequently, in this portion Since nickel which 
constitutes the aforementioned gap layer 41 can grow epitaxially, and neither the corrosion 
resistance of the aforementioned gap layer 41 nor smooth nature can be appropriately raised as 
usual and nonmagnetic-ization cannot be promoted appropriately, In this invention, the thickness 
of the aforementioned seed layer 37 was set as 3nm or more. [0099] Moreover, if the thickness 
of the aforementioned seed layer 37 becomes larger than 50nm, the area of front end side 37a 
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of the aforementioned seed layer 37 exposed from an opposed face with a record medium will 
become large. Although the aforementioned seed layer 37 is formed by Cu, as for Cu, the 
corrosion in the portion of the aforementioned seed layer 37 poses [ the thickness of the 
aforementioned seed layer 37 ] a problem large with not so sufficient therefore corrosion 
resistance by the bird clapper. Moreover, if 50nm of thickness HI of the aforementioned seed 
layer 37 is formed at the maximum, since the upper surface of the aforementioned lower core 
layer 40 is being certainly worn by the aforementioned seed layer 37, it will not have the need 
of thickening thickness of the aforementioned seed layer 37 more than this, either. Therefore, 
in this invention, we decided to set the upper limit of the thickness of the aforementioned seed 
layer 37 to 30nm. In addition, as for the thickness of the aforementioned seed layer 37, it is 
more desirable that it is 30nm or less in 5nm or more, and it is still more desirable that it is 
20nm or less in lOnm or more. [0100] Moreover, as for the aforementioned seed layer 37, it 
is desirable to be formed with one sort or two sorts or more of non-magnetic metal material 
chosen from Cu, Pt, Pd, Rh, Ru, Ir, and Os. By using these non-magnetic metal material, it 
becomes possible to carry out plating formation of the aforementioned seed layer 37. [0101] 
Moreover, the lattice constant of the seed layer 37 which consists of these non-magnetic metal 
material It is that from which the lattice constant of the lower core layer 40 and the lattice 
constant of the element nickel which constitutes the gap layer 41 differ greatly. It can prevent 
appropriately that the aforementioned seed layer 37 grows epitaxially on the aforementioned 
lower core layer 40. Therefore, epitaxial growth of the aforementioned gap layer 41 formed on 
the aforementioned seed layer 37 can be suppressed appropriately. It is possible to form the 
aforementioned gap layer 41 which more contents of the nonmagnetic element near [ which was 
conventionally made into the problem ] an interface than before can be incorporated [ layer ], 
and it can change [ layer ] into an amorphous state, and can excel [ layer ] in corrosion 
resistance and smooth nature, and can promote nonmagnetic-ization appropriately. [0102] 
Moreover, as for the aforementioned gap layer 41, in this invention, it is desirable to be formed 
by any one sort of nickel-P, nickel-Mo, nickel-W, nickel-P-Mo, and the nickel-P-W. [0103] It 
becomes possible to carry out plating formation of the aforementioned gap layer 41 by using 
these non-magnetic metal material. Moreover, it is possible to be able to make the 
aforementioned gap layer 41 nonmagnetic and to make corrosion resistance and smooth nature 
good further by adjusting appropriately the composition ratio of these non-magnetic metal 
material. [0104] Moreover, it is desirable that NiP is chosen and the content of the element P 
within 40nm thickness is preferably set from an interface with the aforementioned seed layer 37 
below to 15 mass % within lOnm thickness as a non-magnetic metal material in this invention 
above 8 mass %. It is below 15 mass % more preferably above 10 mass %, and is below 15 
mass % still more preferably above 11 mass %. [0105] Thereby, the aforementioned gap layer 
41 within lOnm thickness is [ of having contained the element P of above-mentioned numeric- 
value within the limits ] amorphous from the interface with the aforementioned seed layer 37. 
For this reason, the corrosion resistance in the aforementioned interface and smooth nature can 
be raised, pervasion by the penetrant remover in a slider manufacturing process etc. can be 
avoided, and generating of the crack near the interface of the aforementioned gap layer 41 etc. 
can be suppressed like before. Moreover, since nonmagnetic-ization near [ aforementioned ] an 
interface can be appropriately promoted if it is the gap layer 41 containing the above-mentioned 
element P, it is possible to manufacture the thin film magnetic head whose gap length Gl is a 
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fixed size with the sufficient yield. [0106] Moreover, the content of the element P which the 
whole thickness of the aforementioned gap layer 41 averaged can leak [ near the gap ], and can 
generate a magnetic field certainly while it can be desirable that it is below 15 mass % above 
11 mass %, the whole thickness of the gap layer 41 can change into the amorphous state where 
the element P of optimum dose was included, by this and it can raise corrosion resistance. 
[0107] In addition, it is as drawing 1 having explained the measuring method of the content of 
the aforementioned element P, and the content further measured with the aforementioned X-rays 
spectroscopic analyzer by wet analysis was amended using the X-rays spectroscopic analyzer, 
and it was made the absolute value and amended using the latus film sample of area at this time. 
Moreover, about the distance from the aforementioned interface, it measured using the 
transmission electron microscope. [0108] In drawing 4 , the coil layer 43 by which pattern 
formation was carried out so that it might become spiral superficially through the insulating layer 
42 made from a polyimide or resist material is formed on the aforementioned gap layer 41. In 
addition, the aforementioned coil layer 43 is formed with nonmagnetic conductivity material with 
small electric resistance, such as Cu (copper). [0109] Furthermore, the aforementioned coil 
layer 43 is surrounded by the insulating layer 44 formed with a polyimide or resist material, and 
the up core layer 45 made from soft magnetic materials is formed on the insulating layer 44. 
[0110] As shown in drawing 4 , in the opposed face with a record medium, it counters through 
the gap layer 41 on the lower core layer 40, as for point 45a of the up core layer 45, the 
magnetic gap of gap length Gil is formed, and end face section 45b of the up core layer 45 is 
magnetically connected with the lower core layer 40. [0111] Moreover, although the saturation 
magnetic flux density Ms of the lower core layer 40 has a desirable high thing, if flux reversal 
of the leak magnetic field between the lower core layer 40 and the up core layer 45 is made easy 
to carry out by making it lower than the saturation magnetic flux density Ms of the up core layer 
45, write-in density of the signal to a record medium can be made high more. [0112] Next, it 
explains, referring to a drawing about the manufacture method of drawing 1 or the thin film 
magnetic head of the same configuration as 3. [0113] In drawing 5 , application formation of 
the resist layer 51 is carried out on the lower core layer 20. The thickness size H3 of the 
aforementioned resist layer 51 must be formed more thickly than the thickness size of the 
magnetic pole section 24 in the completed thin film magnetic head which is shown in drawing 
1 at least. [01 14] Next, from an opposed face with a record medium, in the height direction (the 
direction of illustration Y), it is predetermined linear dimension, and slot 51a formed with a 
predetermined width-of-face size in the direction of the width of recording track (the direction 
of illustration X) is formed, and the magnetic pole section 24 is formed in slot 51a by exposure 
development at the resist layer 51. [0115] As shown in drawing 5 , the magnetic pole section 
24 is constituted from the lower shell lower magnetic pole layer 21, a nonmagnetic seed layer 
31, a gap layer 22, and an up magnetic pole layer 35, and plating formation of the plating 
ground layer 25 is continuously carried out for these each class as a ground. It is possible for 
this to attain simplification of a manufacturing process. [0116] Without carrying out plating 
formation of the gap layer 22 directly on the lower magnetic pole layer 21 as mentioned above 
Carry out plating formation of the nonmagnetic seed layer 31 first, and on it the aforementioned 
gap layer 22 by carrying out plating formation Epitaxial growth of nickel of the aforementioned 
lower magnetic pole layer 21 and the gap layer 22 which is easy to plan grid adjustment can be 
suppressed. The content of the nonmagnetic element near the interface of the aforementioned gap 
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layer 22 conventionally made into the problem can be made [ more ] than before, and near [ 
aforementioned ] an interface can be formed in the amorphous state. [0117] By this invention, 
plating formation of the aforementioned seed layer 31 is carried out here with one sort or two 
sorts or more of non-magnetic metal material chosen from Cu, Pt, Pd, Rh, Ru, Ir, and Os. Since 
the lattice constant of these non-magnetic metal material differs from the lattice constant of 
nickel which constitutes the lower magnetic pole layer 21 and the gap layer 22 greatly, When 
plating formation of the aforementioned aforementioned seed layer 31 is carried out on the lower 
magnetic pole layer 21, it can prevent that the aforementioned seed layer 31 grows epitaxial on 
the aforementioned lower magnetic pole layer 21. Therefore, it becomes possible to carry out 
plating formation as an amorphous state containing the nonmagnetic element of optimum dose 
without the gap layer 22 formed on the aforementioned seed layer 31 also growing epitaxially. 
[0118] Moreover, in this invention, the electroplating method using the same direct current as 
the former can be used for the plating method of the aforementioned gap layer 22. [0119] In 
this invention, since the aforementioned seed layer 31 is formed in the bottom of the gap layer 
22, also by the electroplating method using the direct current, on the aforementioned seed layer 
31, epitaxial growth of nickel of the aforementioned gap layer 22 is suppressed appropriately, 
and can make [ more ] the content of the nonmagnetic element near the interface of the 
aforementioned gap layer 22 conventionally made into the problem than before. [0120] 
However, in this invention, it can replace with the electroplating method which used the 
aforementioned direct current, and plating formation of the aforementioned gap layer 22 can also 
be carried out by the electroplating method using the pulse current. [0121] It is desirable to 
repeat ON/OFF in several second cycle and to set the duty ratio at that time about to 0.1 to 0.5 
in this invention. For example, ON/OFF is repeated in a 0.5-second cycle. [0122] According 
to the electroplating method using the pulse current, time to pass current at the time of plating 
formation of the gap layer 22 and blank time not to pass current can be prepared as mentioned 
above. Thus, it is possible to compare by preparing time not passing current, when a direct 
current is used, and to ease the bias of a distribution of the current density at the time of plating 
formation. And plating formation of the aforementioned gap layer 22 can be carried out little 
by little. [0123] Thus, by the electroplating method using the pulse current, together with 
having formed the aforementioned seed layer 31, the content of the nonmagnetic element of the 
gap layer 22 near an interface can be more certainly made [ more ] than before by reducing the 
bias of a distribution of the current density at the time of plating formation, and the 
aforementioned gap layer 22 can be formed in the amorphous state. [0124] Moreover, in this 
invention, after carrying out plating formation of the aforementioned gap layer 22 to 
predetermined thickness using the pulse current which has predetermined current density in the 
beginning, you may carry out plating formation of the remaining gap layers 22 using the pulse 
current which has current density higher than the aforementioned predetermined current density. 
[0125] Together with this having formed the aforementioned seed layer 31, the content of the 
nonmagnetic element of the gap layer 22 near an interface can be made [ more ] still more 
certainly than before, and the aforementioned gap layer 22 can be formed in the amorphous 
state. [0126] Moreover, after carrying out plating formation of the aforementioned gap layer 
22 to predetermined thickness using the pulse current which has predetermined current density, 
plating formation of the aforementioned remaining gap layers 22 can be quickly carried out by 
carrying out plating formation of the remaining gap layers 22 by the pulse current which has 
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current density higher than the aforementioned predetermined current density, and it becomes 
possible to form plating formation of the aforementioned gap layer 22 for a short time. [0127] 
Moreover, in this invention, the aforementioned predetermined current density is made into two 
or less 3.0 mA/cm by two or more 1.5 mA/cm, and plating formation of the aforementioned gap 
layer 22 is carried out to the first lOnm thickness using the pulse current which has this current 
density, or plating formation of the aforementioned gap layer 22 is carried out to the first 40nm 
thickness. At this time, plating formation time is about 7-15 minutes. Moreover, the duty ratio 
of ON/OFF is for example, a 0.5-second cycle. [0128] Moreover, in this invention, by the 
pulse current which has the aforementioned current density, after carrying out plating growth 
of the aforementioned gap layer 22 to lOnm or 40nm, plating formation of the aforementioned 
remaining gap layers 22 is carried out at two or more 8.5 mA/cm using the pulse current which 
has two or less 11.0 mA/cm current density. The plating formation of the aforementioned 
remaining gap layers 22 can be carried out quickly by this, and shortening of the plating 
formation time of the aforementioned gap layer 22 can be attained. In addition, although plating 
formation time changes with sizes of thickness to obtain finally, it is about 8 minutes, for 
example from 7 minutes. Moreover, the duty ratio of ON/OFF is for example, a 0.5-second 
cycle. [0129] By the electroplating method by the above-mentioned direct current, or the 
electroplating method using the pulse current When the gap layer which consists of NiP is 
formed on a seed layer, the content of P from an interface with the aforementioned seed layer 
to lOnm is made to below 15 mass % above 8 mass %. The content of the element P in the 
thickness from the aforementioned interface to 40nm is made to below 15 mass % above 8 mass 
%. moreover, more preferably The content of the aforementioned element P can be carried out 
for the content of the aforementioned element P to below 15 mass % still more preferably below 
at 15 mass % above 11 mass % above 10 mass %. [0130] Moreover, by this invention, the 
content of the element P which the whole thickness of the aforementioned gap layer averaged 
can be made below into 15 mass % above 11 mass %. [0131] In addition, in this invention, it 
is not limited to forming the aforementioned gap layer 22 by nickel-P. It is possible to carry out 
plating formation of the aforementioned gap layer 22 by any one sort of nickel-Mo, nickel-W, 
nickel-P-Mo, and the nickel-P-W in addition to nickel-P. Also by this case, after carrying out 
plating formation of the seed layer 31 on the lower magnetic pole layer 21, by forming the gap 
layer 22 on the aforementioned seed layer 31 Optimum dose ****** and the aforementioned gap 
layer 22 can be changed into an amorphous state for Element W, Elements P and Mo, or 
Elements P and W near an interface of the aforementioned gap layer 22, and the corrosion 
resistance of the aforementioned gap layer 22 and smooth nature can be raised, and 
nonmagnetic-ization can be promoted. [0132] In addition, in case plating formation of each 
magnetic layer, such as the lower core layer 20, the lower magnetic pole layer 21, the up 
magnetic pole layer 35, and the up core layer 26, is carried out, you may use the electroplating 
method using the above-mentioned pulse current. While big and rough-ization of crystal grain 
is suppressed by this, the upper surface of each aforementioned magnetic layer is made more 
into a smooth side. Therefore, the saturation magnetic flux density of each aforementioned 
magnetic layer can be raised, moreover, the aforementioned lower magnetic pole layer 21 top - 
- suitable — the seed layer 31 — a wrap — it is specified quantity **** about a nonmagnetic 
element, without making things and nickel growing the gap layer 22 epitaxially on the 
aforementioned seed layer 31 - plating formation can be easily carried out in the amorphous 
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state [0133] In addition, it is carrying out plating formation of the lower core layer 20, the 
lower magnetic pole layer 21, the seed layer 31, the gap layer 22, the up magnetic pole layer 
35, and the up core layer 26 by the electroplating method using the pulse current as the desirable 
manufacture method altogether, [0134] In addition, the film composition of the magnetic pole 
section 24 formed in slot 51a shown in drawing 5 is not restricted to the above-mentioned 
laminated structure. That is, the magnetic pole section 24 may be the laminated structure of the 
seed layer 31, the gap layer 22, and the up magnetic pole layer 35. [0135] Next, in drawing 
5 , the aforementioned resist layer 51 is removed, a new resist layer is formed, it raises in this 
resist layer, and extracts for layer 36 formation, and a pattern is formed. And it raises in the 
aforementioned omission pattern and a layer 36 is formed (refer to drawing 6 ). [0136] next - 
the process shown in drawing 7 - the lower core layer from the magnetic pole section 24 - 20 
top, it raises further, it applies in the height direction from a layer 36, and spatter formation of 
the insulating ground layer 28 formed by the insulating material is carried out [0137] And as 
shown in drawing 7 , pattern formation of the coil layer 29 is spirally carried out on the 
insulating ground layer 28. [0138] Next, at the process shown in drawing 8 , it is a wrap by 
the insulating layer 30 about the coil layer 29 top. At this time, it reaches on the magnetic pole 
section 24, and raises, and a layer 36 top is also covered by the insulating layer 30. [0139] In 
addition, with the gestalt of this operation, spatter formation of the insulating layer 30 is carried 
out by inorganic material. It is desirable to choose one sort or two sorts or more as the 
aforementioned inorganic material from from aluminum 203 and among SiN and Si02. [0140] 
And as shown in drawing 8 , the front face of an insulating layer 30 is ground using CMP 
technology etc., and it deletes on the B-B line which the front face of the magnetic pole section 
24 exposes. Drawing 9 shows the state. [0141] Moreover, by the above-mentioned CMP 
method, by plane-of-composition 24a of the magnetic pole section 24, and the coplanar, 
flattening of the front face of an insulating layer 30 is carried out, and it is formed. [0142] 
Next, as shown in drawing 10 , pattern formation of the 2nd coil layer 33 is spirally carried out 
on an insulating layer 30. The layer [ 1st ] coil layer 29 and the 2nd coil layer 33 are electrically 
connected through each volume core. Furthermore, the 2nd coil layer 33 is covered by the 
insulating layer 32 formed by organic insulating materials, such as a resist and a polyimide, and 
pattern formation of the up core layer 26 is carried out by the existing methods, such as frame 
plating, on an insulating layer 32. [0143] As shown in drawing 10 , the up core layer 26 was 
formed in contact with the magnetic pole section 24 top in the point 26a, and was formed on the 
lower core layer 20 in end face section 26b, is raised, on a layer 36, touches magnetically and 
is formed. [0144] [Example] In this invention, after forming as an example the seed layer 
formed by Cu on the lower magnetic pole layer, plating formation of the gap layer was carried 
out on the aforementioned seed layer, plating formation of the gap layer was directly carried out 
on the lower magnetic pole layer as an example of comparison, and the transmission electron 
microscope (transverse electromagnetic) investigated the surface state of each gap layer. [0145] 
In the example, plating formation of the NiFe alloy which serves as the lower magnetic pole 
layer 21 as the lowest layer was carried out by the electroplating method using the pulse current. 
Fe was 70 mass % and the remainder of the composition ratio of Above NiFe was nickel mass 
%. In addition, plating formation of the aforementioned lower magnetic pole layer was carried 
out using the 4000mA pulse current. [0146] Next, plating formation of the seed layer which 
turns into the aforementioned lower magnetic pole layer 21 from Cu was carried out by the 
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electroplating method using the 70mA direct current. Moreover, the aforementioned seed layer 
was formed in general within the limits of 20nm - 30nm. [0147] And plating formation of the 
gap layer which consists of NiP on the aforementioned seed layer was carried out by the 
electroplating method using the 70mA direct current. In addition, for the nickel sulfate, 100 g/I 
and the nickel chloride were [ 30 g/1 and the phosphorous acid hydrogen sodium of plating bath 
composition ] 30 g/1. [0148] Next, plating formation of the up magnetic pole layer which 
consists of NiFe on the aforementioned gap layer was carried out by the electroplating method 
using the 4000mA pulse current. Fe was 70 mass % and the remainder of NiFe composition of 
the aforementioned up magnetic pole layer was mass [ of nickel ] %. [0149] Next, in the 
example of comparison, plating formation of the lower magnetic pole layer of NiFe used as the 
lowest layer was carried out by the electroplating method using the 4000mA pulse current. Fe 
was 70 mass % and the remainder of NiFe composition of the aforementioned lower magnetic 
pole layer was mass [ of nickel ] %. [0150] Next, plating formation of the gap layer which 
turns into the aforementioned lower magnetic pole layer from NiP was carried out by the 
electroplating method using the 70mA direct current. In addition, the plating bath composition 
at this time is the same as the time of the above-mentioned example. Furthermore, plating 
formation of the up magnetic pole layer which consists of NiFe was carried out by the 
electroplating method using 4000mA pulse voltaism on the aforementioned gap layer. [0151] 
The photograph which took the photograph taken with the transmission electron microscope of 
an example with the transmission electron microscope of the example of comparison for the ** 
type view to drawing 11 again at drawing 12 is shown in drawing 13 . [0152] In the example 
shown in drawing 11 and drawing 12 , smoothing of the interface by the side of the lower 
magnetic pole layer of the aforementioned gap layer (inferior surface of tongue) is carried out, 
and it turns out that there is no spot which is looked at by an up magnetic pole layer and the 
lower magnetic pole layer and which becomes blackish at the aforementioned gap layer. The spot 
which is looked at by the aforementioned up magnetic pole layer and the lower magnetic pole 
layer and which becomes blackish is a crystal. That is, in the example, it can be admited that 
there is no portion crystallized by the aforementioned gap layer, and it is in an amorphous state 
on the whole. [0153] Moreover, as drawing 11 and drawing 12 are seen and understood, the 
seed layer which consists of Cu formed in the bottom of the aforementioned gap layer is a 
crystal phase like a lower magnetic pole layer. However, the interface of the aforementioned 
seed layer and a lower magnetic pole layer can be boiled comparatively, and can be grasped 
clearly. The aforementioned seed layer does not carry out grid adjustment of this with the 
aforementioned lower magnetic pole layer, but the aforementioned seed layer means not growing 
epitaxially on the aforementioned lower magnetic pole layer. [0154] Although plating formation 
of the aforementioned gap layer is carried out by the electroplating method using the direct 
current like the example of comparison in the example, the aforementioned lower magnetic pole 
layer and the seed layer which does not aim at grid adjustment can be prepared, the grid 
adjustment between the aforementioned gap layer and a lower magnetic pole layer can be cut off 
by carrying out plating formation of the gap layer on it, and it becomes possible to form the 
aforementioned gap layer as a suitable amorphous phase. [0155] On the other hand, in the case 
of the example of comparison, the interface of the aforementioned lower magnetic pole layer and 
a gap layer has severe and the spot which becomes blackish is looked at by the 

aforementioned gap layer near [ aforementioned ] an interface. It is admited that this is the 
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portion which the element nickel which constitutes the aforementioned gap layer grew in 
epitaxial, and crystallized. [0156] As mentioned above, when plating formation of the gap layer 
is carried out on a seed layer, it turns out that near the interface by the side of the lower 
magnetic pole layer of a gap layer can be appropriately formed at an amorphous state compared 
with the case where plating formation of the gap layer is carried out directly, on a lower 
magnetic pole layer like before, and nickel crystallization can be suppressed. [0157] Next, in 
this invention, it investigated using the film composition of the example which carried out plating 
formation of the gap layer by the direct current, and the film composition of the example of 
comparison which carried out plating formation of the gap layer by the direct current directly 
on the lower magnetic pole layer about the relation between the distance from the interface by 
the side of the lower magnetic pole layer of the aforementioned gap layer (undersurface), and 
the content of Element P on the above-mentioned seed layer. About the distance from the 
aforementioned interface, it measured using the transmission electron microscope, and carried 
out about the content of Element P using the X-rays spectroscopic analyzer (it amends by wet 
analysis). The experimental result is shown in drawing 14 . in addition the aforementioned 
transmission electron microscope ~ the JEOL Co., Ltd. make — JEM2010F were used and 
VANTAGE by the no run company was used for the X-rays spectroscopic analyzer [0158] As 
shown in drawing 14 , in the example of comparison, it turns out from an interface to about 
2.5nm that the content of Element P is below 8 mass % very low. On the other hand, the 
content of Element P is more than 12 mass %, and is [ in / the aforementioned interface to 
lOnm any / at an example ] the same also within 40nm thickness from the aforementioned 
interface. Thus, in the example, it turns out that the content of the element P in an interface can 
be made [ many ] [ the example of comparison / especially ]. [0159] Moreover, if about 2.5nm 
is exceeded from an interface in the case of the example of comparison, although the content of 
Element P will exceed 8 mass %, as shown in a graph, the upper limit is at most 12 mass %, 
and it does not divide and come out and it turns out with a sharp change of the aforementioned 
content that the content of the aforementioned element P is kept so constant that it becomes deep 
from an interface. [0160] In the case of an example, regardless of the depth from an interface, 
it turns out to it that the content of the aforementioned element P is maintained at simultaneously 
regularity. In addition, in this example, the content of the averaged element P in the whole 
thickness is about 13 mass %, and, as for the content of the aforementioned element P, it is 
desirable in this invention to be settled within 15 mass % on the average above 11 mass %. If 
it is this within the limits, while being able to raise the corrosion resistance of the 
aforementioned whole gap layer, it is possible to promote nonmagnetic-ization. [0161] By the 
way, like the example of comparison, if Element P is extremely small especially near the 
interface, as seen to drawing 13 , crystallization of Element nickel promotes, corrosion 
resistance is falling, and it is eaten away by neutrality, the penetrant remover of an alkali 
solution, etc., and has come to bum in this portion. Moreover, near [ aforementioned ] an 
interface, it is tinctured with magnetism because there are extremely many contents of Element 
nickel, and it is thought that near [ aforementioned ] an interface is not functioning as a gap 
layer substantially. [0162] On the other hand, in the case of an example, in the aforementioned 
interface to lOnm thickness, preferably, either of 40nm thickness can promote amorphous-ization 
near [ aforementioned ] an interface, as more than 8 mass % can be secured and it was seen to 
drawing 12 , and Element P can raise corrosion resistance. Moreover, nonmagnetic-ization by 
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the aforementioned interface can be appropriately promoted by securing Element P more than 
8 mass %. Although it was an upper limit here, in this invention, it set up below 15 mass %. 
It originates in the content in NiP by which plating formation was carried out not exceeding 15 
mass %, even if this increases the amount of element P under plating bath. Moreover, as a 
desirable range, it is below 15 mass % above 10 mass %, and carried out to below 15 mass % 
as a more desirable range above 11 mass %. The corrosion resistance near the interface of a gap 
layer and nonmagnetic-ization can be more appropriately promoted by this. In addition, it turns 
out that the above-mentioned desirable range and the more desirable range are filled with the 
example shown in drawing 14 . [0163] [Effect of the Invention] By according to this invention 
explained to the detail above, a nonmagnetic seed layer being formed on a lower magnetic pole 
layer (or lower core layer), and forming the gap layer which made nickel the principal 
component on this seed layer Since the aforementioned gap layer can suppress crystallization by 
epitaxial growth of the element nickel near the interface (undersurface) of the aforementioned 
gap layer which could avoid touching directly at the aforementioned lower magnetic pole layer 
top, therefore was conventionally made into the problem Many nonmagnetic elements near an 
interface can be incorporated conventionally, and it can change into an amorphous state. 
Therefore, the corrosion resistance of the aforementioned gap layer near an interface can be 
raised, and even if neutrality and an alkali solution **, pervasion of the aforementioned gap 
layer can be prevented appropriately. [0164] Moreover, nonmagnetic-ization near an interface 
can be promoted by the ability of the proper quantity reservation of the content of the 
aforementioned element P to be carried out. [0165] Therefore, in this invention, it excels in a 
recording characteristic and the thin film magnetic head which moreover has a fixed recording 
characteristic can be manufactured with the sufficient yield. 

CLAIMS 

[Claim (s)] [Claim 1] Lower core layer. The thin film magnetic head which has a gap layer 
between up core layers, or a lower core layer. The magnetic pole section formed on the 
aforementioned lower core layer in order of the lower magnetic pole layer, the gap layer, and 
the up magnetic pole layer, or the magnetic pole section formed in order of the gap layer and 
the up magnetic pole layer on the aforementioned lower core layer. The up core layer formed 
on the aforementioned up magnetic pole layer. It is the thin film magnetic head equipped with 
the above, and is characterized by forming the aforementioned gap layer on the nonmagnetic 
seed layer formed on the aforementioned lower core layer or the lower magnetic pole layer, and 
forming the aforementioned gap layer with the non-magnetic metal material which made nickel 
the principal component. [Claim 2] The thickness of the aforementioned seed layer is the thin 
film magnetic head according to claim 1 which is 50nm or less in 3nm or more. [Claim 3] The 
thickness of the aforementioned seed layer is the thin film magnetic head according to claim 2 
which is 30nm or less in 5nm or more. [Claim 4] The thickness of the aforementioned seed 
layer is the thin film magnetic head according to claim 3 which is 20nm or less in lOnm or 
more. [Claim 5] The aforementioned seed layer is the thin film magnetic head according to 
claim 1 to 4 formed with the non-magnetic metal material which does not contain a magnetic 
element. [Claim 6] The aforementioned seed layer is the thin film magnetic head according to 
claim 5 formed with one sort or two sorts or more of non-magnetic metal material chosen from 
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Cu, Pt, Pd, Rh, Ru, Ir, and Os. [Claim 7] The aforementioned gap layer is nickel-P, nickel- 
Mo, nickel-W, nickel-P-Mo, and the thin film magnetic head according to claim 1 to 6 formed 
by any one sort of the nickel-P-W. [Claim 8] The aforementioned gap layer is the thin film 
magnetic head according to claim 7 whose content of P from an interface with the 
aforementioned seed layer to lOnm it is formed by NiP and is below 15 mass % above 8 mass 
%. [Claim 9] The thin film magnetic head according to claim 8 whose content of the element 
P in the thickness from the aforementioned interface to 40nm is below 15 mass % above 8 mass 
%. [Claim 10] The content of the aforementioned element P is the thin film magnetic head 
according to claim 8 or 9 which is below 15 mass % above 10 mass %. [Claim 11] The content 
of the aforementioned element P is the thin film magnetic head according to claim 8 or 9 which 
is below 15 mass % above U mass %, [Claim 12] The content of the element P which the 
whole thickness of the aforementioned gap layer averaged is the thin film magnetic head 
according to claim 8 to 11 which is below 15 mass % above 11 mass %. [Claim 13] The 
manufacture method of the thin film magnetic head of having the lower core layer made from 
a magnetic material characterized by providing the following, and the up core layer made from 
a magnetic material which counters through a gap layer on the aforementioned lower core layer 
by the opposed face with a record medium, (a) The process which carries out plating formation 
of the aforementioned lower core layer, (b) The process which carries out plating formation of 
the seed layer formed on this lower magnetic pole layer with one sort or two sorts or more of 
non-magnetic metal material chosen from Cu, Pt, Pd, Rh, Ru, Ir, and Os after carrying out 
plating formation of the lower magnetic pole layer on the aforementioned lower core layer at 
the direct or aforementioned lower core layer top. (c) The process which carries out plating 
formation of the nonmagnetic gap layer which made nickel the principal component on the 
aforementioned seed layer, (d) The process which carries out plating formation of the up core 
layer through an up magnetic pole layer directly on the aforementioned gap layer. [Claim 14] 
The manufacture method of the thin film magnetic head according to claim 13 which carries out 
plating formation of the aforementioned seed layer by thickness 50nm or less by 3nm or more 
in the aforementioned (b) process. [Claim 15] The manufacture method of the thin film 
magnetic head according to claim 14 which carries out plating formation of the aforementioned 
seed layer by 30nm or less by 5nm or more. [Claim 16] The manufacture method of the thin 
film magnetic head according to claim 15 which carries out plating formation of the 
aforementioned seed layer by 20nm or less by lOnm or more. [Claim 17] The manufacture 
method of the thin film magnetic head according to claim 13 to 16 which carries out plating 
formation of the aforementioned gap layer by any one sort of nickel-P, nickel-Mo, nickel-W, 
nickel-P-Mo, and the nickel-P-W. 

[Translation done.] 
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